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(57) ABSTRACT

A method for fabricating bipolar transistor having insitu-

formed epitaxial base 1s disclosed herein, the method includ-
ing the following steps. The first step of the key feature
according to one preferred embodiment of the present inven-
fion 1s to use a first epitaxial process to selectively grow an
epitaxial collector layer 1n the etched first oxide layer. The
first oxide layer 1s formed on a buried layer, which 1s formed
on the silicon substrate. Then utilize a second epitaxial

process to subsequently grow a first epitaxial-base layer and
a second epitaxial-base layer. Particularly the second epi-
taxial process and the first epitaxial process are performed
insitu. Then a patterned oxide layer and poly silicon layer are
formed on the second epitaxial-base layer. Followed by
ctching the poly silicon layer and the patterned oxide layer,
the second epitaxial-base layer 1s implanted, which together
with the first epitaxial-base layer are etched. The patterned
second and first epitaxial-base layer make up the epitaxial

base of the bipolar transistor, the patterned poly emitter layer
makes up the emitter of the bipolar transistor, and the

epitaxial collector layer makes up the collector of the bipolar
transistor. Then a series of traditional processes are used to
finish the fabrication of a bipolar transistor.

14 Claims, 13 Drawing Sheets
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METHOD FOR FABRICATING EPITAXY
BASE BIPOLAR TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for forming,
S1Ge bipolar transistor, and especially relates for a method
for forming Si1Ge bipolar transistor that utilized m high
frequency circuit with lowered thermal budget.

2. Description of the Prior Art

Because of the characteristic of the bipolar transistor, and
the signal processed by the transistor 1n the radio frequency
circuit 1s a signal having high frequency, the bipolar
transistor, especially the SiGe bipolar transistor, 1s fre-
quently employed 1n the radio frequency circuit. However
the traditional S1Ge bipolar transistor manufacturing process
has many disadvantages such as low yield resulting from the
low growth rate of the epitaxial growth process. In addition,
in the traditional method, the epitaxial growth process is
utilized two times when fabricating the S1Ge bipolar tran-
sistor. The first epitaxial growth process 1s used to fabricate
the collector layer, which 1s about 1 micron in thickness, and
the second epitaxial growth process 1s used to form the
epitaxial base layer. Because the epitaxial growth process
takes a lot of time, thus the two epitaxial growth processes
utilized by the traditional S1Ge bipolar transistor manufac-
turing process take much more time, and take longer cycling
time as well as lower yield.

In addition, before epitaxially grow the Si1Ge layer, it 1s
necessary to proceed with the wafer, which 1s very trouble-
some. Also, 1t tends to waste manufacturing time and result
lower yield to some extent. At first, the process sequence
employed to manufacture the heterojunction bipolar transis-
tor (HBT) 1s described to illustrate how a SiGe bipolar
transistor 1s fabricated via the traditional process.

As shown m FIG. 1A, the first step 1s to form a P type
epitaxial layer 10 on a silicon substrate 11, and the next step
1s to form a n™ buried layer 12 on the P type epitaxial layer
10 by an implanting step. Followed by the foregoing
implanting step, a n~ epitaxial layer 14 1s formed on the n™
buried layer 12 by a first epitaxial growth step, which 1s
controlled at the temperature from about 1000 to 1200
degrees 1n centigrade scale. Subsequently use a first pho-
tography step and a first etching step to etch the n™ epitaxial
layer 14 and then define the trench in the n™ buried layer 12
and the P type epitaxial layer 10, which exposing a portion
of the silicon substrate 11. The concentration of the conduc-
five carrier 1n the n~ epitaxial layer 14 1s designed to be that
of the collector of the S1Ge bipolar transistor. The etched n~
epitaxial layer 14 includes the first area 14a having a first
cave and the second area 14b having a second cave.

The first arca 14a 1s defined as the active area of the
transistor that will be fabricated in the following processes,
and the second area 14b 1s defined as the collector of the
transistor that will be fabricated in the following processes.
The next step 1s to form the trench 1solation 16, which
comprised of polysilicon portion 16a and oxide portion 165
at the nterior surface of the trench at the bottom of both the
first cave and the second cave. The silicon dioxide 1s then
filled into the first cave in the etched portion of the n~
epitaxial layer 14, so the first silicon dioxide pattern 18a 1s
formed 1n the first areca 14a of the n~ epitaxial layer 14. In
addition, the second silicon dioxide pattern 185 1s formed 1n
the second areca 14b of the n~ epitaxial layer 14.

After the active area and collector of the transistor have
been defined, base of the transistor 1s to be defined in the
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following processes. However, a layer of native oxide 1s
always expectedly formed on the surface of the first area 144
and the second arca 14b of the n™ epitaxial layer 14. Due to
the unavoidable formation of the native oxide layer 22 on the
n- epitaxial layer 14, referring to FIG. 1B, the first polysili-
con layer 25 1s formed on the native oxide layer 22. The
waler having the native oxide layer 22 on the second area
14b of the n~ epitaxial layer 14 1s immersed into HF to
remove the exposed native oxide layer. It 1s important that
the water must be directly sent to the tube which growing the
GeSi epitaxial layer 30 (referring to FIG. 1C) without any
cleaning step using water. The transmission of the wafer had
been immersed into the HF 1s very dangerous for the
operator, and a layer of several angstroms of native oxide
layer 22 on the surface of the first area 14aof the n~ epitaxial
layer 14 still exist after the etching process using HF.
Though the residual native oxide layer 22 1s not shown 1n
FIG. 1B and FIG. 1C, 1t still exist between the GeSi epitaxial
layer 30 and the first area 14a of the n™ epitaxial layer 14.
So the yield of fabricating SiGe bipolar transistor using prior
art 1s relatively lowered, and the cycling time is increased
because the GeSi epitaxial layer 30 1s formed by a second
epitaxial growth process 1s controlled under about 550
degrees 1n centigrade scale.

The GeSi epitaxial layer 30 mentioned above 1s designed
as the base of the Si1Ge bipolar transistor that 1s to be
fabricated in the following processes, in addition, the Si1Ge
bipolar transistor 1s usually employed in the high frequency
circuit. So the concentration of the carrier and the thickness
of the base of the SiGe bipolar transistor must be very
carefully controlled.

After the GeSi epitaxial layer 30 had been formed on the
surface of the second area 14b of the n~ epitaxial layer 14,
the first polysilicon layer 25 1s transferred 1nto the polycrys-
talline GeSi1 layer 35. Next, refer to FIG. 1D, a first silicon
nitride layer 38 and a second polysilicon layer 40 are
subsequently formed on the GeSi epitaxial layer 30 and the
polycrystalline GeSi layer 35. In order to define the base of
the transistor, a second silicon nitride layer 42 and a silicon
dioxide layer 44 are subsequently formed on the second
polysilicon layer 40 followed by patterning them. So the
patterned second silicon nitride layer 42 and the patterned
silicon dioxide layer 44 are formed on the surface of the
second polysilicon layer 40 in the first area 14a.

Then an implantation step is utilized to form the P~
region, besides, an oxidation step 1s utilized to proceed with
the wafer, so the portion of the second polysilicon layer 40
without coverage from the patterned second silicon nitride
layer 42 are transformed to the third silicon dioxide layer 46
as shown in FIG. 1E. In addition, the P™ region 1s driven
deeper 1mnto the n~ epitaxial layer 14. Subsequently, as shown
in FIG. 1E, the patterned second silicon dioxide layer 44 1s
removed, and the patterned second silicon nitride layer 42 1s
exposed. Followed by etching the patterned second silicon
nitride layer 42, a portion of the first silicon nitride layer 38
was covered by the remaining second polysilicon layer 40
and the remaining second polysilicon layer 40 are removed,
as shown 1n FIG. 1F, and a portion of the GeS1 epitaxial layer
30 1s exposed.

Followed by subsequently forming a n™ polysilicon layer
50 and a third silicon nitride layer 52 on the exposed portion
of GeS1 epitaxial layer 30, a photolithography step and an
ctching step are employed to define the n* polysilicon layer
50, the third silicon nitride layer 52, and the third silicon
dioxide layer 46, thus forming the patterned n™* polysilicon
layer 50 and the patterned third silicon nitride layer 52 as
shown 1n FIG. 1G. Besides, a portion of the third silicon
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dioxide layer 46 covered by the patterned n™ polysilicon
layer 50 still remained after the foregoing etching step. The
patterned n™ polysilicon layer 50 composed the emitter of
the S1Ge bipolar transistor.

Next, a photolithography step and an etching step are
employed to etch a portion of the first silicon nitride layer
38, the polycrystalline GeSi1 layer 35 to the native oxide
layer 22, a portion of the second silicon dioxide pattern 185,
and a portion of the first silicon dioxide pattern 18a are
exposed as shown 1n FIG. 1H. The patterned silicon nitride
layer 38 and the patterned polycrystalline GeSi layer 35 are
clectrically coupled to the base of the S1Ge bipolar transistor.
Besides, the n~ epitaxial layer 14 in the second area 14b 1s
clectrically coupled to the collector of the SiGe bipolar
transistor.

According to the prior art, the n~ epitaxial layer 14 and the
GeSi epitaxial layer 30 are not formed 1nsitu, so the quality
of the base of the SiGe bipolar transistor 1s easily out of
control. In order to remove the native oxide layer resulted
from the reason mentioned above, the operator 1s obliged to
use HF to clean the water before forming the base of the
S1Ge bipolar transistor. In addition, the cleaning step can not
thoroughly remove the native oxide layer before forming the
GeSi epitaxial layer (base). So the prior art takes more time
to preclean the wafer so as to remove the any impurity and
native oxide at the surface and must carefully deposit the
S1Ge base layer 1 order to assure the good quality, espe-
cially that utilized 1n high frequency circuait.

SUMMARY OF THE INVENTION

A method for fabricating bipolar transistor frequently
used 1n high frequency circuit 1s disclosed herein. The
foregoing method employed to fabricate an epitaxial base
bipolar transistor includes the following steps. According to
one preferred embodiment of the present invention, the first
step 1s to form a buried layer having a first conductivity in
a substrate, and then the following step 1s to form a first
oxide layer on the buried layer. Next, pattern the first oxide
layer to expose a portion of the buried layer and use a first
epitaxial process to selectively grow a epitaxial collector
layer 1n the etched first oxide layer to cover the exposed
portion of buried layer. Immediately use a second epitaxial
process to subsequently grow a first epitaxial-base layer and
a second epitaxial-base layer on the epitaxial collector layer
and the etched portion of first oxide layer. The second
epitaxial-base layer 1s formed on the first epitaxial-base
layer, especially, the second epitaxial process and the first
epitaxial process are performed insitu.

Subsequently, a TEOS layer 1s formed on the second
epitaxial-base layer, and then patterned to expose a first
portion of the second epitaxial-base layer. Next, form a poly
emitter layer on the first portion of the second epitaxial-base
layer and the TEOS layer. The next step 1s to pattern the poly
emitter layer and the TEOS layer to expose a second portion
of the second epitaxial-base layer. Then implant the second
portion of the second epitaxial-base layer to form extrinsic
base of the bipolar transistor 1n the second portion of the
second epitaxial-base layer. Subsequently, pattern the sec-
ond portion of the second epitaxial-base layer and the first
epitaxial-base layer to expose a portion of the first oxide
layer. The patterned second portion of the second epitaxial-
base layer together with the etched first epitaxial-base layer
make up the epitaxial base of the bipolar transistor, the
patterned poly emitter layer composes the emitter of the
bipolar transistor, and the epitaxial collector layer on the
buried layer make the collector of the bipolar transistor.
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The foregoing substrate 1s of the sheet resistance about
15-25 Ohms-cm. When the buried layer 1s formed using Sb
as dophant source, the 1implanting energy 1s about 50 to 100
KeV, the concentration of the dophant is about 1E*> to 2E*°.
At this situation, the buried layer is disposed in 1150-1250°
C. for about 60-120 minutes. When the buried layer 1s
formed using As as dophant source, the implanting energy 1s
about 50 to 100 KeV, the concentration of the dophant 1s
about 1E' to 2E'®. At this situation, the buried layer is
disposed in 1100-1200° C. for about 60—120 minutes. The
foregoing buried layer 1s annealed to enlarge depth of the
first doped region to a depth more than 1 micron. The first
oxide layer and the epitaxial collector layer are of the
thickness about 1000-5000 angstroms, wherein the epitaxial
collector layer 1s formed containing boron of concentration
about 1E™ to S5E' cm™. The first epitaxial-base layer
mentioned above 1s made of epitaxial S1Ge, wherein the Ge
composition 1s about 0-30%, and boron 1s utilized as dopant,
the concentration of boron is about 1E*® to 1E*°cm™. The
seccond epitaxial-base layer 1s about 200 angstroms in
thickness, and the sheet resistance of the second epitaxial-
base layer 1s about 0.5 Ohms-cm.

According to the other preferred embodiment of the
present invention, the first step 1s to form a buried layer
having a first conductivity 1n a substrate, and then the
following step 1s to form a first oxide layer on the buried
layer. Next, pattern the first oxide layer to expose a portion
of the buried layer and use a first epitaxial process to
selectively grow a epitaxial collector layer 1n the etched first
oxide layer to cover the exposed portion of buried layer.
Then use an 1nsitu second epitaxial process to subsequently
orow a first epitaxial-base layer, a second epitaxial-base
layer, and a third epitaxial-base layer on the epitaxial col-
lector layer and the etched portion of first oxide layer. The
second epitaxial-base layer 1s formed on the first epitaxial-
base layer, the third epitaxial-base layer 1s formed on the
second epitaxial-base layer. Particularly the second epitaxial
process and the first epitaxial process are performed insitu.

Then a TEOS layer 1s formed on the third epitaxial-base
layer, a first silicon nitride layer i1s formed on the TEOS
layer. Pattern the first silicon nitride layer, the TEOS layer,
the third epitaxial-base layer, the second epitaxial-base
layer, and the first epitaxial-base layer to expose a portion of
the first oxide layer. Subsequently, etch a portion of the
patterned first silicon nitride layer, the TEOS layer, the third
epitaxial-base layer, and the second epitaxial-base layer to
expose a portion of the first epitaxial-base layer. Then anneal
the expose portion of the first epitaxial-base layer to form a
sacrifical oxide layer on the exposed portion of the first
epitaxial-base layer, and remove the sacrifical oxide layer to
expose a portion of the first epitaxial-base layer. Next a pad
oxide layer 1s formed on the exposed portion of the first
epitaxial-base layer.

Subsequently, form a second silicon nitride layer on the
ctched first silicon nitride layer, on the surface of the pad
oxide layer, on the side-wall of the patterned TEOS layer, the
patterned third epitaxial-base layer, the patterned second
epitaxial-base layer, and the patterned first epitaxial-base
layer. Then form a first polysilicon layer on the topography
of the second silicon nitride layer. Then etch the first
polysilicon layer to form a polysilicon spacer on sidewall of
a portion of the second silicon nitride layer underlying the
pad oxide layer. Etching the second silicon nitride layer to
expose the first silicon nitride layer and a portion of the pad
oxide layer, and then etch the exposed portion of the pad
oxide layer to expose a part of the exposed portion of the first
epitaxial-base layer.
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Next, form a second polysilicon layer on the first oxide
layer, the first silicon nitride layer, the polysilicon spacer,
and the part of the exposed portion of the first epitaxial-base
layer. Then 1mplant a plurality of charges mto the second
poly-silicon layer. Subsequently, pattern the second poly-
silicon layer to expose the exposed portion of the first oxide
layer, and a portion of the patterned first silicon nitride layer.
The patterned second polysilicon layer makes up the emitter
of the bipolar transistor, the patterned first epitaxial-base
layer composes the intrinsic base of the bipolar transistor.
The patterned third epitaxial-base layer, and the patterned
second epitaxial-base layer composes extrinsic base of the
bipolar transistor, the intrinsic base and the extrinsic base
composes the base of the bipolar transistor. The epitaxial
collector layer on the buried layer makes up the collector of
the bipolar transistor.

In the other preferred embodiment of the present
invention, the foregoing substrate 1s of the sheet resistance
about 15-25 Ohms-cm. When the buried layer 1s formed
using Sb as dopant source, the 1implanting energy 1s about 50
to 100 Kev, the concentration of the dopant 1s about
1E*>—2E'° cm*. At this situation, the buried layer is disposed
in 1150-1250° C. for about 60-120 minutes. When the
buried layer 1s formed using As as dopant source, the

implanting energy 1s about 50 to 100 Kev, the concentration
of the dopant is about 1E*> to 2E'° cm*". At this situation,
the buried layer is disposed in 1100-1200° C. for about
60—120 minutes. The foregoing buried layer 1s annealed to
enlarge depth of the first doped region to a depth more than
1 micron. The first oxide layer and the epitaxial collector
layer are of the thickness about 1000-5000 angstroms,
wherein the epitaxial collector layer 1s formed containing
boron of concentration about 1E™ to 5E'” ¢cm™. The first
epitaxial-base layer mentioned above 1s made of epitaxial
S1Ge, wherein the Ge composition 1s about 0-30%, and
boron 1s utilized as dopant, the concentration of boron 1s
about 1E*® to 1E*” cm™. The second epitaxial-base layer is
made of P-type Si1, the concentration of the dopant in the
P-type Si is about SE*°cm™. The third epitaxial-base layer
1s made of undoped S1 about 100 angstroms 1n thickness. A
fime mode etching process 1s utilized to etch a portion of the
patterned first silicon nitride layer, the TEOS layer, the third
epitaxial-base layer, and the second epitaxial-base layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features of the present invention will be more
clearly understood from consideration of the following
descriptions 1n connection with accompanying drawings 1n
which:

FIGS. 1A to 1H 1illustrate the processes utilized to fabri-
cate the S1Ge bipolar transistor having two layer of epitaxial
layer according to the prior art;

FIGS. 2A to 2J illustrate the processes utilized to fabricate
the epitaxy base bipolar transistor according to one preferred
embodiment of the present invention; and

FIGS. 3A to 3] illustrate the processes utilized to fabricate
the epitaxy base bipolar transistor according to the other
preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In fabricating the epitaxial-base bipolar transistor accord-
ing to the prior art, two separate epitaxial processes are
employed 1n fabricating the bipolar transistor. One epitaxial
process 1s used to form the collector, and the other epitaxial
process 1s utilized to form the base of the bipolar transistor.
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However, the two epitaxial processes are separately
performed, so the quality of the base of the fabricated
bipolar transistor 1s not good. Particularly, the quality of the
base of the bipolar transistor 1s very important to the
characteristic of the transistor especially when utilized in
high frequency circuit. So the present invention i1s designed
to improve the quality of the base of the bipolar transistor.

In addition, the present invention improves the character-
istic of the bipolar transistor such that 1t has higher three-
decibel-frequency (three dB frequency) and higher maxi-
mum frequency than that of the prior art due to the better
quality of the base of the fabricated bipolar transistor in the
present invention. So the present invention can fabricate the
bipolar transistor having good quality, especially for the
transistor utilized 1n high frequency circuit.

The process sequence employed to manufacture the bipo-
lar transistor 1s described to illustrate how a Si1Ge bipolar
transistor 1s fabricated by the method according to one
preferred embodiment of the present invention. As shown 1n
FIG. 2A, a buried layer photomask (not shown) is utilized in
a photolithography step preformed to a silicon substrate 60,
and then a first implantation step 1s used to implant the
dopants having a first conductivity into the substrate to form
a buried layer 61. The substrate 60 mentioned above 1s of the
sheet resistance about 15-25 Ohms-cm. According to one
preferred embodiment of the present invention, the buried
layer 61 1s fabricated by using Sb as source of dopant, in
addition, the 1mplanting energy 1s about 50 to 100 KeV. The

concentration of the dopant is about 1E'> to 2E'® cm™,

besides the buried layer 61 is disposed in 1150-1250° C. for
about 60—120 minutes. However, when the buried layer 1s

formed by using As as source of dopant, the 1mplanting
energy 1s about 50 to 100 KeV, and the concentration of the
dopant is about 1E'> to 2E'° cm™>. Also, in this situation, the
buried layer 61 is disposed in 1100° C. to 1200 °C. for about
60—120 minutes. Further, the buried layer 61 1s annealed to
enlarge depth of the doped region to a depth more than 1
micron. The thickness of the first oxide layer 62 and the
epitaxial collector layer 63 are of the thickness more than
about 1000 to 5000 angstroms.

Followed by removing the buried layer mask, a first
oxidation step 1s used to grow a first oxide layer 62 having
thickness about 1000 to 5000 angstroms on the buried layer
61. Then referring to FIG. 2B, a first photolithography and
ctching step 1s used to etch a portion of the first oxide layer
62, thus a portion of the buried layer 61 1s exposed. Turning,
to FIG. 2C, a first epitaxial process 1s employed to grow an
epitaxial silicon layer 63 on the exposed portion of the
buried layer 61. Followed by the selective epitaxial collector
orowth process forming the epitaxial silicon layer 63, refer-
ring to FIG. 2D, a second epitaxial process 1s used to form
a S1Ge layer 64 on the etched first oxide layer 62 and the
epitaxial silicon layer 63, and then a undoped Si1 layer 65 1s
formed on the S1Ge layer 64.

The epitaxial silicon layer 63 formed by the selective
epitaxial collector growth process contains the dopant con-
centration about 1E° to 5E'” e¢m™>, and 1E!'°® cm™ is
preferred. The dopant in the S1Ge layer 64 contains Ge about
0 to 30%, and the concentration of Boron is about 1E*® to
1E*” cm™. Besides, the first epitaxial process and the second
epitaxial process 1s performed 1n the same tube, 1n other
words, the epitaxial silicon layer 63, the Si1Ge layer 64, and
the undoped Si1 layer 65 are formed insitu. After the Si1Ge
layer 64 had been formed on the epitaxial silicon layer 63
and the etched first oxide layer 62, the dopant source 1s tuned
to zero when forming the undoped S1 layer 65.

Refer to FIG. 2E, a TEOS layer 66 1s formed on the
undoped Si layer 65, then a second photolithography step
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using an emitter window photomask and a second etching,
process are ufilized to etch the TEOS layer 66, thus an
emitter window 1s etched 1n the TEOS layer 66, and a first
portion of the undoped S1 layer 6354 1s exposed.
Subsequently, a poly emitter deposition process 1s used to
deposit the poly-silicon emitter layer 67 on the etched TEOS
layer 66 and on the exposed first portion of the undoped Si
layer 65a. Subsequently, a third photolithography step using
a poly-emitter photomask and a third etching process are
utilized to etch a portion of the poly-silicon emitter layer 67
and TEOS layer 66. Referring to FIG. 2F, a second portion
of the undoped Si1 layer 65b without shield from the etched
TEOS layer 66 1s exposed, and a second 1implantation step
1s employed to form the extrinsic base 1n the second portion

of the undoped Si1 layer 65b.

In the following process, referring to FIG. 2G, a fourth
photolithography step using the epitaxial base photomask
(not shown) and the fourth etching step to etching a part of
the second portion of the undoped Si layer 65b and its
underlying SiGe layer 64, thus exposing a portion of the
underlying first oxide layer 62. Referring to FIG. 2H, a metal
oxide layer 1s formed on the surface of the wafer, followed
by an annealing step, a portion of the metal layer on the
oxide layer 1s then removed, and an emitter silicide layer 70
and the collector silicide layer 72 are formed on the surface
of the poly-silicon emitter layer 67 and the etched second
portion of the undoped S1 layer 65b as well as its underlying,
SiGe layer 64 respectively. The thickness of the emitter
silicide layer 70 and the collector silicide layer 72 1s about
500-1000 angstroms. Besides, the poly-silicon emitter layer
67, the etched second portion of the undoped Si layer 65b
together with 1ts underlying Si1Ge layer 64, and the epitaxial
silicon layer 63 acts as the emitter, base, and collector of the
bipolar transistor respectively.

Referring to FIG. 21, a BPSG (borophosphosilicate glass)/
TEOS layer 80 1s formed on the wafer, then a rapid thermal

process 1s performed, and a fifth photolithography step and
an etching step are used to etch the BPSG/TEOS layer 80.

Thus a plurality of contact holes 1s formed 1n the BPSG/
TEOS layer 80. Subsequently, a metal layer 1s formed on the
topography of the wafer, then a sixth photolithography step
using a metal photomask and a etching step 1s used to pattern
the metal layer to form the emitter electrode E, the base
clectrode B, and the collector electrode C. Next, the tradi-
fional processes can be used to fabricate the other elements
of the bipolar transistor.

The process sequence employed to manufacture the bipo-
lar transistor according to the other preferred embodiment of
the present invention 1s described to illustrate how a Si1Ge
bipolar transistor 1s fabricated. As shown in FIG. 3A, a
buried layer photomask (not shown) is utilized to perform to
a silicon substrate 90, and then a first implantation step 1s
used to 1mplant the dopants having a first conductivity mnto
the substrate to form a buried layer 91. Followed by remov-
ing the buried layer mask, a first oxidation step 1s used to
orow a first oxide layer 92 having thickness about
1000—5000 angstroms on the buried layer 91. Then referring,
to FIG. 3B, a first photolithography and etching step 1s used
to etch a portion of the first oxide layer 92, thus a portion of
the buried layer 91 1s exposed. Turning to FIG. 3C, a first
epitaxial process 1s employed to grow an epitaxial silicon
layer 93 on the exposed portion of the buried layer 91.
Followed by the selective epitaxial collector growth process
forming the epitaxial silicon layer 93, referring to FIG. 3D,
a second epitaxial process 1s used to form a SiGe layer 94 on
the etched first oxide layer 92 and the epitaxial silicon layer
93, then a doped S1 layer 95 1s formed on the S1Ge layer 94,
and an undoped Si1 layer 96 1s formed on the doped S1 layer
95.
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The epitaxial silicon layer 93 formed by the selective
epitaxial collector growth process contains the dopant con-
centration about 1E* to 5E'7 c¢cm™, and 1E'® cm™ is
preferred. The dopant in the S1Ge layer 94 contains Ge about

0 to 30%, and the concentration of Boron is about 1E*® to
1E*° ¢cm™. The doped Si layer 95 formed on the SiGe layer
94 contains dopant of concentration about SE*” cm™. The

thickness of the undoped Silayer 96 1s about 100 angstroms.
Particularly, the first epitaxial process and the second epi-
taxial process 1s performed 1n the same tube, 1n other words,
the epitaxial silicon layer 93, the S1Ge layer 94, the doped
S1 layer 95, and the undoped Si1 layer 96 are formed 1nsitu.
The doped S1 layer 95 1n this preferred embodiment of the
present invention acts as the extrinsic base of the transistor.
After the S1Ge layer 94 had been formed on the epitaxial
silicon layer 93 and the etched first oxide layer 92, the
charge having a second conductivity (such as boron) is used
as the dopant source when fabricating the doped Si1 layer.

And then the dopant source 1s tuned to zero when forming
the undoped S1 layer 96.

Turning to FIG. 3D, a TEOS layer 97 1s formed on the
undoped S1 layer 96, and a silicon nitride layer 98 1s formed
on the TEOS layer 97. The thickness of the TEOS layer 97
1s about 500 angstroms, and the thickness of the silicon
nitride layer 98 1s about 800 angstroms. Referring to FIG.
3E, a second photolithography step and an etching step are
used to pattern the S1Ge layer 94, the doped Si1 layer 95, the
undoped S1 layer 96, the TEOS layer 97, and the first silicon
nitride layer 98, thus a portion of the etched first oxide layer
92 1s exposed.

Followed by a third photolithography step using an emit-
ter window photomask and a time mode etching step, a
portion of the patterned doped Si1 layer 95, the undoped S1
layer 96, the TEOS layer 97, and the first silicon nitride layer
98 are etched to expose the patterned S1Ge layer 94. Refer
to FIG. 3F, then an annealing step 1s performed and a
sacrifical oxide layer 99 1s formed on the patterned SiGe
layer 94. Turming to FIG. 3G, followed by removing the
sacrifical oxide layer 99, a pad oxide layer 100 1s formed on
the patterned S1Ge layer 94. In addition, a second silicon
nitride layer 103 1s formed on the surface of the pad oxide
layer 100, the patterned first silicon nitride layer 98, the
TEOS layer 97, the undoped Si layer 96, the doped Si1 layer
95, and the patterned S1Ge layer 94. Then a first poly-silicon
layer 105 1s formed on the surface of the second silicon
nitride layer 103.

The first poly-silicon layer 105 1s etched, and the residual
first poly-silicon layer 105 forms the spacer. Using the
residual first poly-silicon layer 105 as mask, the second
silicon nitride layer 103 1s subsequently etched to expose a
portion of the pad oxide layer 100. Subsequently, the
exposed portion of the pad oxide layer 100 1s wet etched to
expose a portion of the underlying patterned Si1Ge layer 94.
Referring to FIG. 3H, a second poly-silicon layer 107 1is
formed on the surface of the wafer, and a fourth photoli-
thography step using a poly emitter photomask and an
ctching step are employed to etch the second poly-silicon
layer 107. The etched second poly-silicon layer 107 1s thus
formed on the second silicon nitride layer 103 and the
exposed portion of the patterned SiGe layer 94.

Then perform a LTO (Low Temperature Oxidation) pro-
cess and a BPSG deposition to form a BPSG layer 110 on the
waler, and then a flow process 1s performed to planarize the
surface of the BPSG layer 110 as shown 1n FIG. 31. Then a
fifth photolithography step using a contact photomask and
an etching step are used to etch a portion of the the BPSG
layer 110, the underlying patterned first silicon nitride layer
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98, the TEOS layer 97, and the first oxide layer 92. Thus a
plurality of contact holes are formed 1n the BPSG layer 110,
and a portion of the undoped Si layer 96, the second
poly-silicon layer 107, and the buried layer 91 are exposed.

Then use the traditional process to fabricate the other
clements of the bipolar transistor. For example, referring to
FIG. 3], a contact implant step 1s performed, and a TEOS
deposition process 15 also performed followed by a rapid
thermal processing remained at temperature about
800—-1000° C. for about 10-20 seconds. In the preferred
embodiment of the present invention, 900-950° C. and 10
seconds are preferred. Subsequently, a metal layer 1s formed
on the topography of the watfer, then a sixth photolithogra-
phy step using a metal photomask and a etching step 1s used
to pattern the metal layer to form the emitter electrode E, the
base electrode B, and the collector electrode C.
Subsequently, the traditional processes can be used to fab-
ricate the other elements of the bipolar transistor.

Although specific embodiments have been illustrated and
described 1t will be obvious to those skilled i the art that
various modification may be made without departing from
the spirit, which intended to be limited solely by the
appended claims. For example, the recipe utilized by the
foregoing photolithography steps and etching step, 1n
addition, the method utilized by the foregoing implantation
steps can be varied without departing from the present
invention.

What 1s claimed 1s:

1. A method for fabricating bipolar transistor having
insitu-formed epitaxial layers in base, said method compris-
ing the steps of:

forming a buried layer having a first conductivity in a
substrate;

forming a first oxide layer on said buried layer;

patterning said first oxide layer to form a first opening
exposing a portion of said buried layer;

using a first epitaxial process to selectively grow a epi-
taxial collector layer 1n said first opening, wherein said
epitaxial collector layer serves as a collector of said
bipolar transistor;

using a second epitaxial process to sequentially grow a
first epitaxial-base layer, a second epitaxial-base layer,
and a third epitaxial-base layer on said epitaxial col-
lector layer, said second epitaxial process and said first
epitaxial process being performed 1n situ;

forming a TEOS layer on said third epitaxial-base layer;

forming a first silicon nitride layer on said TEOS layer;

patterning said first silicon nitride layer, said TEOS layer,
said third epitaxial-base layer, said second epitaxial-
base layer, and said first epitaxial-base layer to expose
an outer portion of said first oxide layer;

ctching a portion of said patterned first silicon nitride
layer, said TEOS layer, said third epitaxial-base layer,
and said second epitaxial-base layer to form a second
opening exposing a central portion of said first
epitaxial-base layer being on said epitaxial collector
layer, wherein said patterned first epitaxial-base layer
serves as an 1ntrinsic base, said patterned second
epitaxial-base layer and said patterned third epitaxial-
base layer serve as an extrinsic base, and a base of said
bipolar transistor 1s composed of said intrinsic base and
said extrinsic base;

annealing said first epitaxial-base layer to form a sacrifi-
cial oxide layer on said central portion of said first
epitaxial-base layer;
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removing said sacrificial oxide layer to expose said cen-
tral portion of said first epitaxial-base layer;

forming a pad oxide layer on said central portion of said
first epitaxial-base layer;

forming a second silicon nitride layer to conformably
cover said substrate;

forming a first poly-silicon layer conformably on said
second silicon nitride layer;

anisotropically etching said first poly-silicon layer to form
a poly-silicon spacer on side-wall of said second silicon
nitride layer covering said second opening;

ctching exposed portions of said second silicon nitride
layer to expose said first silicon nitride layer and a
portion of said pad oxide layer;

ctching said exposed portion of said pad oxide layer to
expose a portion of said central portion of said first
epitaxial-base layer;

forming a second poly-silicon layer to cover said substrate

implanting dopants having a first conductivity into said
second poly-silicon layer; and

patterning said second poly-silicon layer to cover said
second opening, wherein said patterned second poly-
silicon layer serves as an emitter of said bipolar tran-
sistor.

2. The method as claim 1 further comprising the steps of:

forming a BPSG layer on said substrate;

patterning said BPSG layer, said first silicon nitride layer,
said TEOS layer, and said first oxide layer to form a
plurality of contact holes exposing a portion of said
patterned second poly-silicon layer, said third epitaxial-
base layer, and said buried layer;

implanting dopants to bottom of said plurality of contact
holes;

forming a passivation TEOS layer on said patterned
BPSG layer and 1n said plurality of contact holes;

patterning said passivation TEOS layer to expose said
portion of said patterned second poly-silicon layer, said
third epitaxial-base layer, and said buried layer;

performing a rapid thermal process;

forming a metal layer on said passivation TEOS layer,
said portion of said patterned second poly-silicon layer,
said third epitaxial-base layer, and said buried layer;
and

patterning said metal layer to form an emitter electrode
connecting to said patterned second poly-silicon layer,
a base electrode connecting to said third epitaxial-base
layer, and a collector electrode connecting to said
exposed portion of said burrier layer.

3. The method as claim 1, wherein said substrate has sheet
resistance about 15-25 Ohms-cm.

4. The method as claim 1, wherein said buried layer 1s
formed by using Sb as source of dopant, implanting energy
1s about 50 to 100 KeV, concentration of dopant 1s about
1E* to 2E'° cm™~.

5. The method as claim 4, wherein said buried layer 1s
disposed in 1150-1250° C. for about 60—120 minutes.

6. The method as claim 1, wherein said buried layer 1s
formed by using As as source of dopant, implanting energy
is about 50 to 100 Kev, concentration of dopant is about 1E*>
to 2E*° cm™.

7. The method as claim 6, wherein said buried layer 1s
disposed 1n 1100° C. to 1200° C. for about 60—120 minutes.

8. The method as claim 1, wherein said buried layer 1s
annealed to enlarge depth of said buried layer to a depth
more than 1 micron.
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9. The method as claim 1, wherein said first oxide layer
and said epitaxial collector layer are of the thickness about
1000-5000 angstroms.

10. The method as claam 1, wherein said epitaxial col-
lector layer 1s formed containing dopant having concentra-
tion about 1E* to 5E'” cm™.

11. The method as claim 1, wherein said first epitaxial-
base layer 1s made of epitaxial Si1Ge, Ge composition 1s
about 0—30%, boron 1s utilized as dopant, concentration of
boron is about 1E'® to 1E*® cm™.

12. The method as claim 1, wherein said second epitaxial-
base layer 1s made of doped Si1 having conductivity other

12

than said first conductivity, concentration of dopant 1n said
doped Si is about SE*° cm ™.

13. The method as claim 1, wherein said third epitaxial-
base layer 1s made of undoped S1 about 100 angstroms 1n
thickness.

14. The method as claim 1, wherein said portion of said
patterned first silicon nitride layer, said TEOS layer, said
third epitaxial-base layer, and said second epitaxial-base

10 layer are etched by time mode etching process.
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